PLANT PHYSIOLOGY succinate, while ?Ig+, AMP, and DPN+ were required for the oxidation of citrate.
Two excellent reviews have recently appeared (8, 10) . However, no work on the oxidative nature of particles from a Gymnosperm species has yet been reported. This paper will describe experiments concerned with the oxidative activities of particulate fractions obtained from germinated seedlings and ungerminated embryos of Pinus lambertiana, a Gymnosperm.
Changes in the levels of enzyme activities and metabolic routes in maturing plants have been reported by several workers. Gibbs and Beevers (7) detected differences in the pathway of glucose dissimilation in tissues of varying ages from castor bean, pea, and other plants. Brummond and Burris (5) noted changes in the Krebs cycle enzymes associated with mitochondrial particles from green leaves of lupine. Beevers and Walker (4), using mitochondria from the endosperm of germinated castor bean, showed significant changes to occur in the levels of succinate oxidation associated with particles removed from tissues of different ages. This paper will present evidence for a decrease in the activities of several Krebs cycle enzymes during the germination of sugar pine seed. A soluble cytoplasmic factor possibly effecting such changes will be discussed.
MATERIALS AND METHODS
The majority of these studies used sugar pine seed harvested in September, 1954 , at Pino-Grande near Placerville, California. This seed was supplied by the Institute of Forest Genetics, U. S. Forest Service, Placerville. The initial experiments, which established the presence of the Krebs cycle, used seeds harvestd in 1953 in the same general vicinity. The cones were dried in a circulating air drying oven at 700 C until the cone scales had reflexed and the seeds dropped out or could be shaken out. Seeds were then dewinged, cleaned by hand, and placed in a sealed glass jar which contained CaCl2 as a drying agent. The seeds were stored at 50 C until used.
Seeds were surface sterilized by soaking in a 0.75 % bromine-water solution for five minutes. They were rinsed five times in sterile distilled water and allowed to stand in sterile water for ten minutes before the hard seed coat, papery membrane and nucellar cap were aseptically removed. The divested seeds, containing the embryo surrounded by the female gametophvte tissue were then placed in sterile distilled water at 50 C and air was continuously bubbled through the water for six hours. At the end of six hours the seeds were planted 1/4 to 1/2 inch below the surface of flats of sterile vermiculite. Enough water was added daily to maintain a constant amount of moisture available to the germinating seedlings. After five or six days at 300 C + 1°C the radicle protruded about 2 cm and the hypocotyl had grown about 0.5 cm. This germinated seedling, separated from residual female gametophyte tissue, was the material used in most of the experiments. When ungerminated embryos were employed (tables IV, VI and VII) the embryos were removed from the seed after six hours of soaking. The separation of the embryo from the surrounding female gametophyte tissue was complete.
Embryos from stratified ungerminated seeds were used in some experiments (table VI) . To obtain these embryos, intact seeds were stratified without preliminary soaking. They were mixed with moist vermiculite and packed in waxed paper quart milk containers which were stored at 50 C for varying intervals of time up to four months. The embryos were then separated from the surrounding female gametophyte tissue without preliminary soaking of the seed.
ISOLATION OF PARTICLES AND MIEASUREMENT OF
ACTIVITY: Forty to 50 gm samples of germinated seedlings were rinsed five times in sterile distilled water. They were then transferred to a chilled mortar and homogenized with sand in 150 ml 0.5 M sucrose and 0.1 M phosphate buffer, pH 7.0, for approximately 30 seconds. The pH was maintained at 7.0 with 1.0 M NaOH during grinding. The homogenate was filtered through two layers of cheese cloth, and the filtrate was centrifuged for five minutes at 2,000 x g in an International refrigerated centrifuge. The supernatant solution was then centrifuged at 20,000 x g for 15 minutes. The precipitate obtained was washed by resuspending in 10 ml of 0.5 M sucrose and 0.1 M phosphate buffer, pH 7.0, and centrifuging at 20,000 x g for 15 minutes. The precipitate was suspended in sucrose-phosphate buffer of such concentration that, when 0.5 ml aliquots of the particulate suspension were added to the reaction vessels, the final concentration of sucrose and phosphate in the flasks was 0.4 and 0.02 M, respectively. The final suspension contained 1.0 to 4.0 mg of nitrogen per ml. All preparative steps were carried out at 0 to 50 C.
The particulate fraction containing the microsomes was prepared by centrifuging the supernatant solution, from which the mitochondria had been removed, at 100,000 x g for one hour. The microsomal pellet obtained was then suspended in 0.5 M sucrose and 0.1 M phosphate, pH 7.0.
When ungerminated embryos were used as a source of mitochondria, about 15 gm of embryos were homogenized in 50 ml of 0.5 M sucrose and 0.1 M phosphate, pH 7.0.
Unless otherwise stated, manometric measurements were carried out in air in Warburg flasks of approximately 6 ml volume; the center well contained 0.04 ml of 5 M KOH and filter paper. After mitochondria were added to complete the reaction mixture, the flasks were attached to manometers, immersed in a water bath at 250 C, and allowed to equilibrate for ten minutes. Oxygen consumption in the presence of various substrates was then compared to that in the absence of substrates. Values of oxygen uptake, expressed as microliters per hour or microliters per hour per m, of mitochondrial nitrogen Qo2(N), were calculated on the basis of the reaction occurring during the first twenty minutes.
The nitrogen content of the mitochondrial preparations was determined by digestion with 12 N H2SO4 containing CUSO4 and Na2SeO3. The ammonia was measured by direct Nesslerization. The amount of C1402 produced metabolically by particles respiring radioactive substrates was determined by the method of Humphreys, et al (12) .
The separation and identification of Krebs cycle acids was done by paper chromatographic procedures. After removal of the KOH, the reaction mixtures were transferred to centrifuge tubes. Two volumes of absolute ethanol were added to precipitate the protein fraction. The precipitate was then boiled in 10 ml of absolute ethanol to remove any adsorbed organic acid, and this ethanol solution was added to the supernatant solution from the protein precipitation. The ethanol solution w-as then evaporated to dryness, the residue redissolved, and the organic acids extracted by a KHS04 column (24) . The ether eluent was concentrated to 0.5 ml and placed on 6x24-inch strips of Whatman No. 1 filter paper either as a spot or band. Spots of known acids were placed adjacent to the unknown. Descending chromatograms were developed with n-butanol-formic acid-water (16) . The chromatograms were dried and placed in contact with Kodak no-screen x-ray film for 2 to 5 days, and the radioautographs developed. The chromatograms were eluted with water, the eluent concentrated and rechromatographed with the suspected intermediates at adjacent spots. Radioautographs of the rechromatographed acids were prepared, and the labeled acids identified from the adjacent known acids.
REAGENTS In addition to the substrates the flasks also contained 0.5 ml mitochondria suspension; 5 micromoles MgSO4; 7.0 micromoles AMP; 0.05 micromoles cytochrome c in 0.4 M sucrose + 0.02 M phosphate buffer, pH 7.0. The flasks with malate and pyruvate contained, in addition, 0.6 micromoles CoA; 0.9 micromoles DPN+; 0.5 micromoles TPN+; 0.8 micromoles TPP; total volume of fluid was 1.2 ml. All substrates were adjusted to pH 7.0. mum rates of oxidation of a-ketoglutarate and succinate by the pine particles. Cytochrome c had no effect on the rate of oxidation of these substrates. However, cytochrome c and four cofactors (DPN', TPN+, TPP and CoA) were frequently added to reaction mixtures to prevent the reaction rates being limited by insufficient concentrations of these substances.
The ability of mitochondria isolated from 5-or 6-day-old seedlings of Pinus lambertiana to catalyze the oxidation of various Krebs cycle substrates is shown in tabfe I. All the substrates tested were oxidized. The Qo2 (N) for the various substrates were of the same order of magnitude as reported for other plant mitochondria (4) . The characteristic catalytic action of malate on pyruvate oxidation described by Millerd et al (17, 18) was also noted. Particles sedimenting between 20,000 and 100,000 x g did not catalyze the oxidation of Krebs cycle intermediates.
To determine if oxidation of the acids was pro- ALANINE-1-C14I AND ALANINE-3-C14: When pyruvate-2-C14 or acetate-2-C14 was added to mitochondrial preparations, the particles metabolized the labeled substrates and the CO2 released was radio- that filter paper was omitted from the center well. The side arm contained 0.1 ml 10 N H2SO4 which was tipped into the main compartment at the conclusion of the experiment. The flasks containing acetate-2-C'4 also contained 0.04 mg lipoic acid. Incubated 2 hrs at 250 C.
active. As shown in table III, the amount of radioactive carbon recovered as CO2 ranged from 5 to 20 % of the amount added initially. Radioautograms showed that malic, citric, and succinic acids isolated from the reaction mixtures were radioactive.
Recent work has indicated that plant mitochondria possess transaminase activity (2, 26, 28) . By adding alanine-1-C14 or alanine-3-C14 and a-ketoglutarate to mitochondria from germinated sugar pine seedlings or ungerminated embryos, it was possible to demonstrate the evolution of C1402 (table IV). In the case of mitochondria from ungerminated embryos, the production of C1402 was only partially dependent upon the presence of a keto acid. It is possible, therefore, that alanine oxidation occurred by processes involving reactions other than transamination to pyruvate. However, citric, pyruvic, and succinic acids isolated from the reaction mixture were found to be radioactive. (13) . However, repeated washing of the mitochondrial preparations of pine seedlings did not diminish their ability to metabolize palmitate-1-C14. The recent investigation by Stumpf and Barber (25) 
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Each flask contained 0.5 ml mitochondria suspension, 10 micromoles MgSO4; 14 micromoles AMP; 0.1 micromole cytochrome c and 30 micromoles succinate or citrate in 0.4 M sucrose + 0.02 M phosphate buffer, pH 7.0. The flasks with citrate contained, in addition, 1.2 micromoles CoA; 1.8 micromoles DPN+; 0.9 micromole TPN+ and 1.6 micromoles TPP. Total volume, 3.0 ml.
Mitochondria were isolated from 9-day-old seedlings; the seeds had not been stratified. The supernatant solution was that fraction remaining after removal of mitochondria from homogenates of embryos from unstratified, ungerminated seeds. All seeds were soaked in aerated water at 50 C for six hours. One ml of supernatant solution was added where indicated. about 80 % after 9 days of germination. Table VI also shows that the mitochondria from embryos of non-stratified, ungerminated seeds possessed a higher level of enzyme activity, per mg N, than mitochondria from embryos of seeds stratified for 120 days. The results obtained with mitochondria from seeds stratified for only 60 days were intermediate in value.
Some preliminary experiments were performed in an attempt to explain the decreased activities of the mitochondria from germinated seedlings. The supernatant solution from germinated seedlings from which the mitochondria were removed did not decrease the activity of mitochondria from ungerminated embryos.
This would appear to exclude the presence of an inhibitor in this supernatant. The supernatant solution from the germinated seedlings had no effect on the mitochrondria from the germinated seedling. On the other hand, the supernatant from ungerminated embryos had a large stimulatory effect on the mitochondrial particles from germinated seedlings ( flavin adenine dinucleotide) had no effect. The addition of a liver coenzyme concentrate was also without an effect. It should be pointed out that the seedlings employed in the experiment described in table VII were 9 to 10 days old. The older age of the seedlings accounted for the relatively low activity observed.
DIscussIoN
The experimental results reported here indicate that mitochondria of the Gymnosperm species, Pinus lamberitiana, contain the enzyme complex for oxidation of intermediates of the Krebs cycle. The properties of these preparations are similar to those reported for many other types of plant and animal tissues. The fact that pine embryo and seedling mitochondria possess enzymatic mechanisms for the oxidation of alanine and fatty acids further extends the likeness between pine mitochondria and those of other plants and animals (8) .
Both microsomal and mitochondrial particles from sugar pine seedlings were found to oxidize palmitate-1-C14. Studies on peanut mitochondria and microsomes have established the existence of a ,8-oxidation mechanism for fatty acids in the mitochondria and an atypical fatty-acid oxidase in the microsomes (25) . The most reasonable interpretation of results obtained with pine seedling mitochondria and microsomes is that corresponding enzyme systems exist in the pine particles. However, further work including studies with palmitic acid labeled in carbon atoms other than C-1 is required to establish this point.
Several hypotheses may be offered to explain why the activity of the mitochondrial preparations from pine seeds decrease upon germination or stratification: first, enzymes localized in pine seed mitochondria may decrease during stratification and germination. Brummond and Burris (5) showed that an apparent change in the localization of malic and succinic dehydrogenases occurred in the mitochondria of maturing lupine plants. Second, the fragility of the particulates may increase with germination. Third, a metabolic inhibitor may accumulate. Fourth, the quantity of proteins or nitrogen containing macromolecules (nucleic acid) sedimenting with the mitochondria may increase with germination. This would cause an apparent decrease in the Qo2 (N). Finally, the concentration of an essential cofactor may decrease owing, perhaps, to its being catabolized or redistributed throughout the cell during germination or stratification. Some evidence for such a factor in nonstratified, ungerminated seed has been presented (table VII) .
One purpose of this study was to gain greater insight into the germination process of sugar pine seed. It has been observed that although the pine seed is saturated with water, a lag occurs in active germination as evidenced by growth and respiration measurements (11, 23) . This study has shown that the Krebs cycle enzyme complex is present in ungerminated sugar pine seed. V-anecko (27) has also detected Krebs cycle activity in mitochondria extracted from water saturated but ungerminated pea seeds. It is possible that the intial lag in germination of sugar pine seed is due to a lack of enzymatic cofactors. The lag could also result from a deficiency of substrates of the Krebs cycle or other enzymes. Bach (3) found all the dehydrogenases present in pea seeds, but concluded that the cofactors were essentially absent in the ungerminated seeds. DPN+ has been observed to increase in wheat and bean seeds during the first four days of germination (22) . Increases in the unsaturated fatty acids and invert sugars have been reported by MIirov during stratification of pine seeds (20) . SUMMARY 1. Particulate cellular fractions were separated from seedlings and embryos of sugar pine (Pinus lambertiana). The particles centrifuging between 2,000 and 20,000 x g catalyzed the oxidation of acids of the Krebs cycle. The cofactor requirements, and effects of malonate on these oxidations indicated that the particles are similar to mitochondria isolated from other plants and animals. This is the first such report for Gymnosperm species.
2. Pyruvate-2-C14 and acetate-2-Cl4 were metabolized by mitochondria from sugar pine. 'Malic, citric, and succinic acids isolated from the reaction mixture were radioactive.
3. Alanine-1-C14 and alanine-3-C14 were metabolized by the mitochondria of sugar pine and radioactive CO2 was produced. Pyruvic, citric, and succinic acids isolated from the reaction mixture were radioactive. 4 . The metabolism of palmitate-1-C14 and butyrate-1-C14 by pine mitochondria and microsomes indicated the presence of mechanisms for the oxidation of fatty acids. 5 . The mitochondria from the embryos of ungerminated pine seeds showed a higher oxidative activity on various Krebs cycle substrates than particles from 5-day-old germinated seedlings, or particles from embryos of seeds stratified 60 or 120 days. 6 . The mitochondria which showed decreasing oxidative activity with seedling development were stimulated by the supernatant from ungerminated seeds from which the mitochondria were removed. 
